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Abstract 


The Lunar Surface Electromagnetics Explorer 'LuSEE 
Night’ is a low frequency radio astronomy experiment that 
will be delivered to the farside of the Moon by the NASA 
Commercial Lunar Payload Services (CLPS) program in 
late 2025 or early 2026. The payload system is being de- 
veloped jointly by NASA and the US Department of Energy 
(DOE) and consists of a 4 channel, 50 MHz Nyquist base- 
band receiver system and 2 orthogonal ~6m tip-to-tip elec- 
tric dipole antennas. LuSEE Night will enjoy standalone 
operations through the lunar night, without the electromag- 
netic interference (EMI) of an operating lander system and 
antipodal to our noisy home planet. 


1 Science Motivation 


The radio sky below 20 MHz is not well-studied, primar- 
ily due to the 2(10 MHz) plasma frequency of the F-layer 
peak of the terrestrial ionosphere [1], below which the iono- 
sphere becomes opaque, but also due to the presence of in- 
tense shortwave radio transmissions and military over- 
the-horizon (A-band) radar. 


At these frequencies, the ambient sky is dominated by the 
synchrotron spectrum of cosmic ray electrons spiraling in 
the galactic magnetic field [5]. This galactic syn- 
chrotron spectrum is brighter in the galactic plane above 
a few MHz [6] [5] but becomes attenuated in the plane by 
free-free absorption at lower frequencies [7][8]. Indeed, re- 
cent measurements by the Parker Solar Probe/FIELDS in- 


strument [9] [I0] suggest that modifications to the state-of- 
the-art low frequency sky models are required in the 
form of small-scale angular structure, hemispheric asym- 
metries, and modifications to the galactic electron density 


map [1115]. 


The brightest discrete radio sources below 50 MHz are 
likely to be the Sun and Jupiter [13]; however there are 
other known astrophysical sources Cas A, Cyg A 
present and plenty of 'discovery space'. Nonthermal so- 
lar and Jovian radio sources will be dynamic and in some 
cases strongly polarized. The known positions of the Sun, 
Jupiter and other sources will allow occultation studies as 
they set below the lunar horizon, potentially allowing stud- 
ies of thermal emission from the extended solar corona. 


Characterizing the global spectrum of this low frequency 
foreground is a first step in a measurement strategy to ac- 
cess the high redshift (z ~ 100) 21 cm signature associ- 
ated with the so-called 'Dark Ages’ (16][17][18]. The Dark 
Ages signal arose as the universe recombined and the cos- 
mic microwave background (CMB) interacted with neutral 
hydrogen via the 21 cm spin-flip transition. In principle, 
this absorption feature should be dominated by the ther- 
mal physics of the early universe - any striking deviations 
may represent new physics. However, the Dark Ages spec- 
tral feature is hidden more than 5 orders of magnitude be- 
low the galactic foreground such that any spectral structure 
(real and/or system chromaticity) in the foreground mea- 
surement will make recovery of the cosmological signal 
very challenging. The LuSEE Night measurements will be 


an important step in this longer-term program. 


2 LuSEE Night System 


The LuSEE payload was selected by NASA in 2019 un- 
der the Lunar Surface Instrument and Technology Payloads 
(LSITP) program, which is itself in support of the Com- 
mercial Lunar Payload Services (CLPS) program. As pro- 
posed, LuSEE was largely heritage instrumentation from 
the FIELDS’ experiment [9] on the NASA Parker Solar 
Probe mission, comprised of magnetometers, electric field, 
and low frequency radio and plasma waves measurements. 
In early 2020, NASA entered into a partnership with the 
DOE to promote LuSEE to a low frequency radio pathfinder 
and the LuSEE Night payload was separated from the orig- 
inal payload (now called 'LuSEE Lite’ and destined for the 
Schrödinger Basin near the lunar South Pole, in early 2025). 


LuSEE Night is designed to make low frequency (< 50 
MHz) full-Stokes, spectral density measurements of the ra- 
dio sky in the pristine radio environment of the lunar far- 
side. To that end, LuSEE Night is required to operate con- 
tinuously through the lunar night (~14 Earth days) with the 
Sun below the lunar horizon. Furthermore, LuSEE Night 
requires that the CLPS lunar lander spacecraft cease all op- 
erations before the first nightfall and remain powered off 
for the duration of the mission. This gives LuSEE Night full 
control of the electromagnetic environment and eliminates 
the risk of spacecraft-generated EMI (which bedeviled the 
Chang'e 4 radio astronomy experiment [19]). 


Figure 1. A CAD drawing of the LuSEE Night system 
showing the dipole antennas on the carousel, solar arrays 
(blue) and the large battery (gold box below). The dipole 
antennas are ~6m tip-to-tip, the upper deck is approxi- 
mately 1m x 1m and the system is ~70 cm tall, but will 
be mounted atop the lander. 


Figure [1] is a CAD drawing of the LuSEE Night payload 
system showing the dipole antennas fully deployed. LuSEE 
Night uses 3m BeCu stacer antenna elements config- 
ured in orthogonal, co-linear ~6m tip-to-tip dipole pairs; 
a stacer is a cold-rolled, helical pitch spring that deploys 
by its own stored spring energy and forms a rigid tube of 
roughly 1 cm diameter. The LuSEE Night antennas are 
mounted on a motor-driven carousel so that the antenna ori- 
entation can be rotated in the plane of the lunar surface. 
This allows for a degree of freedom that can be used to un- 
derstand the electrical coupling of the antenna system to 


the lunar lander structure and to the dielectric regolith be- 
low [21]. The antenna carousel is only operable during the 
lunar day, when LuSEE Night solar arrays are illuminated 
and the system is power-positive. 


The LuSEE Night structure occupies a cube (1m x 1m by 
70cm high). The top surface will support the four electric 
monopoles on a rotating platform as well as horizontal solar 
cells. In addition the East and West sides of the cube will 
also include some vertical solar cells to improve the charg- 
ing at dawn and dusk. The LuSEE electronics package will 
be located within the cube and will be thermally isolated 
such that self-heating from the nighttime operations power 
will keep the electronics payload warm during the night. 
One side of the cube will include south-facing radiator pan- 
els equipped with Parabolic Reflector Radiators (PRR ) de- 
veloped at JPL to help reject day-time heating. 


An instrument block diagram is shown in FigureD] LuSEE 
Night will make a voltage measurement using a high 
impedance, low-noise JFET front end on each monopole 
antenna. While a voltage measurement provides less gain 
than a balanced system, it can be more robust against 
impedance mismatch and internal reflections, which are dif- 
ficult to correct after launch and landing. 
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Figure 2. A block diagram of the LuSEE Night payload 
showing the instrument components - spectrometer, anten- 
nas, preamps, C&DH computer, and power systems. The 
LuSEE Night computer also operates the S-band commu- 
nications system and motor drive to reorient the antenna 
carousel during daytime. 


A spectrometer samples the four single-ended antenna volt- 
ages at 102.4 Msamples/sec and uses an FPGA to pro- 
cess the waveforms into auto- and cross-correlation spec- 
tra. Stokes parameters can be computed using only cross- 
correlation products if desired, avoiding the antenna shot- 
noise present in the autocorrelations. The spectrometer de- 
sign is based on the Radio Frequency Spectrometer (RFS) 
system from the Parker Solar Probe/FIELDS instru- 
ment [9]. A DC-DC power converter system will operate at 
well-defined, stable (crystal-controlled) switching frequen- 
cies, which allow digital signal processing to mask power 


supply noise. This technique was used very successfully on 
Parker Solar Probe. LuSEE Night requires a large (7740 kg) 
battery to provide power through the lunar night. At sun- 
rise, the system becomes power-positive allowing the bat- 
tery to recharge, the S-band communication system to send 
science data back to Earth, and the antenna carousel to be 
operated. 


The LuSEE Night ’ Data Controller Board’ (DCB) is a com- 
puter that interfaces to the other subsystems, including the 
spectrometer, the S-band communication system (provided 
by Vulcan Wireless), and the lander's Command and Data 
Handling (C&DH) system. The DCB also controls the mo- 
tor drive for the antenna carousel. 


At the date of this writing (late January 2023), NASA is se- 
lecting a CLPS vendor to provide the LuSEE Night launch 
and landing system. This mission is designated 'CS-3' and 
will also carry the European Space Agency (ESA) Lunar 
Pathfinder (LPF) communications relay satellite into lunar 
orbit. LuSEE Night will assist in commissioning of the LPF 
satellite and will use LPF as its S-band uplink/downlink as- 
set. 


3 Far-field Calibration Source 


NASA has released a Request For Proposals to the CLPS 
vendors to provide a far-field calibration source (hereafter 
FFCS) for LuSEE Night (designated as the 'CS-4* mission). 
As envisioned, the CS-4 FFCS will be a payload accom- 
modated on another CLPS lunar orbiter or perhaps a ded- 
icated system (e.g. a CubeSat) that carries an instrument 
that transmits a known pseudo-random waveform that is re- 
peated contiguously with a flux density that corresponds to 
10-2? to 10718 W/m?/Hz (to ~1% knowledge) over 10 sec- 
onds at the LuSEE Night site on the lunar surface. This sig- 
nal corresponds to a frequency comb in the LuSEE Night 
band (to 51.2 MHz) and the LuSEE Night spectrometer 
will correlate against this signal as CS-4 passes overhead 
horizon-to-horizon. The CS-4 FFCS will be required to 
provide at least 30 passes over LuSEE Night and to operate 
for 50 Barth days and then cease operation. This FFCS will 
provide LuSEE Night a known signal over a range of alti- 
tudes and azimuths that will be used to calibrate the antenna 
pattern and system voltage response and chromaticity. 


4 Landing Site 


The LuSEE Night landing site is a 100m ellipse centered on 
(23.813°S, 182.258°E) on the lunar farside near the anti- 
meridian, shown in Figure |3| This site was chosen to be 
near to the antipode and to therefore minimize terrestrial 
radio frequency interference [2], recognizing that at lower 
frequencies some noise will be refracted by the tenuous lu- 
nar ionosphere [23]. The landing site was also chosen to 
have a relatively flat horizon. The aforementioned spatial 
variations of the galactic power spectrum (brighter plane 


at high frequencies, brighter poles below 3 MHz) may in- 
duce spectral chromaticity as the horizon occults galactic 
structure and the relatively flat horizon minimizes uncer- 
tainties due to this effect. Finally, the landing site was cho- 
sen to have well-mixed regolith to avoid asymmetric dielec- 
tric properties below the LuSEE Night antenna system. The 
requirement that LuSEE Night operate through the lunar 
night requires an integrated thermal design, as described 
above. To optimize the thermal management, the LuSEE 
Night radiator requires a view of the dark sky, therefore the 
requirement to land either North or South of the lunar equa- 
tor. 


Figure 3. The LuSEE Night landing site (within green cir- 
cle) on the lunar farside at (23.813°S, 182.258°E). This site 
was chosen to minimize terrestrial RFI, provide relatively 
uniform sky coverage, optimize payload thermal design, 
and provide favorable downlink with the relay satellite. The 
landing site of the Chang’e 4 mission is shown in the red 
circle and yellow vertical line is the anti-meridian. 


5 Summary 


The LuSEE Night payload is in development and funded 
by NASA and the DOE. The system will be delivered and 
integrated to a lander vehicle for a late 2025 - early 2026 
launch and landing on the lunar farside. LuSEE Night will 
make unique measurements of the global radio sky below 
50 MHz, in the absence of terrestrial and lander EMI, and 
be a pathfinder for larger, more ambitious lunar radio as- 
tronomy projects. 
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